REMARKS 

In view of the above amendments and the following remarks, reconsideration of the rejections 
contained in the Office Action of March 12, 2003 is respectfully requested. 

In order to make necessary editorial corrections, the entire specification and abstract have 
been reviewed and revised. As the revisions are quite extensive, the amendments to the specification 
and abstract have been incorporated into the attached substitute specification and abstract. No new 
matter has been added by the revisions. Entry of the substitute specification is thus respectfully 
requested. 

The Examiner has rejected claimsl-7 under 35 USC § 112, second paragraph, as being 
indefinite. In particular, the Examiner asserts that the term "approximately" appearing in original 
claim 1 renders the claims indefinite because it is unclear whether the limitations following the phrase 
are part of the claimed invention. In this regard, the Examiner refers to MPEP section 2173.05(d), 
which concerns exemplary or preferential claim language such as the phrases "for example," and 
"such as." However, the term "approximately" is not exemplary claim language as discussed in 
section 2173 .05(d) of the MPEP, and it is submitted that the meaning of the term "approximately" 
does not at all call into question whether the limitations following the term are intended to be part of 
the claimed invention. 

Moreover, it is well established that somewhat imprecise claim language, such as the term 
"approximately," is not automatically improper. The test in this regard is whether one of ordinary 
skill in the art would understand what is claimed when the claim is read in light of the specification. 
See, Seattle Box Co. v. Indus. Crating and Packing Inc., 731 F.2d 818, 221 USPQ 568 (Fed. 
Cir.1984). It is submitted that, in the present case, the phrase "approximately rectangular" will be 
clearly understood by one of ordinary skill in the art in view of the specification as defining the shape 
of a shadow mask or a support frame for the shadow mask, in which the sides might not form exact 
right angles due to slight deformations from the applied forces. Consequently, the Examiner is 
respectfijUy requested to withdraw the rejection of the original claims under § 1 12. 

The Examiner has rejected claims 1-7 as being unpatentable over the Kimura reference (USP 
6,106,353) in view of the Lee reference (USP 6,283,814). However, original claims 1-7 have been 



cancelled and replaced with new claims 8-25, including new independent claims 8 and 17. In this 
regard, new claims 8-13 and 17 generally correspond to original claims 1-7, respectively, although 
the new claims have been drafted so as to slightly clarify some of the original language and so as to 
reorganize the limitations of the original clams in order to place the original claims in a preferred 
form. For the reasons discussed below, it is respectfully submitted that new claims 8-25 are clearly 
patentable over the prior art of record. 

New independent claims 8 and 17 are directed to methods of manufacturing a shadow mask 
assembly and a cathode ray tube, respectively, including applying a prelinmiary tension force having 
a magnitude in a range of 9.8 N to 490 N to each of four corners of an approximately rectangular 
shadow mask. After the application of the preliminary tension force, a main tension force is applied 
to each of a pair of opposing sides of the shadow mask in an outward direction perpendicular to the 
opposing sides. After the application of the main tension force, the shadow mask is fastened to side 
members of a support frame while the shadow mask is in the tension state. 

In general, a shadow mask prevents electrons ejected from an electron gun from hitting 
portions other than the desired portions of a phosphor screen formed on a glass surface. In order to 
perform this function, it is necessary that the shadow mask have no wrinkles, recesses, or projections 
on its surface which will change the positional relationship between the phosphor screen and the 
shadow mask. 

In order to achieve this result, the present invention provides a method of manufacturing a 
shadow mask, in which a preliminary tension force is applied to each of the four corners of a shadow 
mask before the main tension force is applied, and the preliminary tension force has a magnitude in 
a range of 9.8 N to 490 N. The application of the preliminary tension force as recited in new 
independent claims 8 and 17 reduces or removes unevenness in the shadow mask which cannot be 
eliminated only through the application of the main tension force (see page 14, lines 6-12 of the 
original specification). In addition, the magnitude of the preliminary tension force is important 
because if the force is less than 9.8 N, then these desirable effects will not be achieved. Conversely, 
if the preliminary tension force is larger than 490 N, then distortion will occur in the shadow mask 
(see page 15, lines 10-16 of the original specification). As a result, applying a preliminary tension 



force with a magnitude in the specified range, and siibseqimitly applying a main tension force 
provides significantly advantageous results. 

The Kimura reference is directed to a method of manufacturing a color cathode ray tube, 
including stretching a shadow mask in an outward direction, and a tension force is applied to the 
shadow mask to thereby reduce wrinkles in the shadow mask. However, the Kimura reference does 
not disclose or even suggest applying a preliminary tension force before applying a main tension 
force, and thus also does not disclose or suggest that such a preliminary tension force has a magnitude 
in a range of 9. 8 N to 490 N. Although the Kimura reference describes stretching the shadow mask 
in an outward direction, as explained above, the Kimura reference does not describe the "stretching" 
as the application of a tension force. More specifically, the Kimura reference does not describe or 
suggest that a force having a magnitude in a range of 9.8 N to 490 N is applied to each of the four 
corners of the shadow mask, and also does not disclose that this force is applied before the 
application of a main tension force. 

In the outstanding Office Action, the Examiner asserts that providing a tension force in a 
range of 9.8 N to 490 N would be obvious to one of ordinary skill in the art because it is merely the 
discovery of an optimum or workable range. However, the Applicants strongly disagree with the 
Examiner's position in this regard. In particular, the Kimura reference does not discuss the magnitude 
of any force applied during the "stretching" process and, thus, suggests that a bare minimum force 
can be applied in order to stretch the shadow mask in an outward direction. Thus, assuming that the 
"stretching" process discussed in the Kimura reference corresponds to the application of a preliminary 
tension force, the Kimura reference does not provide any evidence or suggestion that the magnitude 
of a preliminary tension force is a result-effective variable. It is well established that a particular 
parameter must be recognized as a result-effective variable before a determination of the optimum 
or workable ranges of the variable can be characterized as routine experimentation. See, /// re 
Antonie, 559 F.2d 618, 195 USPQ 6 (CCPA 1977). Moreover, in contrast to the assumption set 
forth above, the "stretching" of the shadow mask as described in the Kimura reference is not even 
characterized as the application of a tension force because the tension force (corresponding to the 
main tension force of the present invention) is described as being applied at a later step. Thus, the 



Kimura reference clearly does not even suggest the application of a preliminary tension force as 
recited in new claims 8-25, 

The Lee reference is directed to a method of manufacturing a flat cathode ray tube, in which 
through-holes are formed in a peripheral portion of a shadow mask as shown in Figure 5. However, 
the Lee reference also does not disclose or suggest the application of a preliminary tension force 
having a magnitude in a range of 9.8 N to 490 N, and the application of a main tension force as 
recited in new independent claims 8 and 17. Therefore, one of ordinary skill in the art would not be 
motivated by the Lee reference to modify the Kimura reference or to combine the references so as 
to obtain the invention recited in new independent claims 8 or 17. Accordingly, it is respectfully 
submitted that new independent claims 8 and 17, and the claims that depend therefrom, are clearly 
patentable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance. However, if the Examiner should have any comments or suggestions 
to help speed the prosecution of this application, the Examiner is requested to contact the Applicant's 
undersigned representative. 
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Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
September 12, 2003 



Respectfully submitted 
Naomi NISHIKl^t aL 




W. Dc^glas Hahm 
Registration No. 44,142 
Attorney for Applicants 
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SPECIFICATION ?! '^PtQ 

TITLE OF THE INVENTION 



SHADOW MASK ASSEMBLY MANUFACTURING METHOD 
5 AND CATHODE RAY TUBE MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

0001 The present invention relates to a shadow mask assembly manufacturing method 
and a cathode ray tube manufacturing method and is intended -for - the method. Tn 



10 



15 



20 



particular, the invention relates to a method of manufacturing a shadow mask which is 
a eenstitutive component of a cathode ray tube utilized for image display ef i.n..a 
television receiver or the «J*e-afld-wWe}^..like... .Th minute holes 

through which an electron beam passes passes, and a support frame f«F-supportiflg 
supports the shadow mask and the mask. The invention relates to a m^fhnH of 
manufacturing the cathode ray tube with this shadow mask assembly incorporated 
therein. 

0002 As a television receiver, a flat type television receiver having a flat image display 
surface, or a flat television receiver is known. In contrast to the rnnventional television 
receiveL.the.image.displa^ 
.fla.t.typ.e..tdeYisipn receive 

as being able to display an image wit h good visibili ty and little Histnrtion 

In- contrast- to the eonventiGnal television receiver the image display - surface of 
whk4H*as-a^tly^uFved-6eHvex--suFfec-eH^Te41at-^ype--televisieiM^^ 



flat- image dispte-y-5urfa€er-whieh-4s"regarded--as being 
vtsibilUywitJiHttle distortion: 

0003 The flat type television receiver employs a television tube having a flat image 
display surface for the purpose of image display. A shadow mask, which is arranged 
inside the fluorescent screen in the television tube and provided with minute holes 
through which an electron beam passes, has an almost flat plane. 

0004 In the shadow mask, the arrangement of the minute through holes exerts an 
influence on the positions and shape accuracy of individual bright spots of an image to 
be drawn by the electron beam. Therefore, the shadow mask must be accurately 
attached so as to be free from distortion and displacement. 

0005 In order to support the shadow mask in a flat plane state, i t is p e rfo rme d to fix the 
shadow mask is fixedjn a tensioned state to a rectangular support frame by welding or 
similar means. There is the a_technique of fixing all the four sides of the shadow mask 
to the support frame. However, it is regarded as more appropriate for supporting the 
shadow mask in a flat plane state to fix only the mutually opposite longer sides of the 
shadow mask to the support frame. 

0006 Specifically, for example, the unexamined Japanese Patent publication No. 08- 
167389 (Japanese Patent Application No. 06-309247) discloses that each side is 
pulled in a direction perpendicular to the side. The unexamined Japanese Patent 
publication No. 08-83563 (Japanese Patent Application No. 06-216314), the 
unexamined Japanese Patent publication No. 08-167376 (Japanese Patent 
Application No. 06-331451), and the unexamined Japanese Patent publication No. 
09-92145 (Japanese Patent Application No. 07-271724) disclose that in order to 
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remove wrinkles and slackness and reduce the clamping area, the shorter sides at four 
comers of a rectangular mask are pulled in four directions perpendicular to the 
shorter sides, or the mask is pulled in six dkec t i o ns7-t4>a^-i57 directjons^^^^^^^ 
wordSj. jn addition to the four directions, center portions of two longer sides are 
5 pulled in two directions perpendicular to the longer sides, and then the mask is 

welded to a frame while the mask is tensioned. The unexamined Japanese Patent 
publication No. 10-188795 (Japanese Patent Application No. 08-343497), the 
unexamined Japanese Patent publication No. 10-188794 (Japanese Patent 
Application No. 08-343496), the unexamined Japanese Patent publication No. 11- 
10 185609 (Japanese Patent Application No. 09-358130), and the unexamined Japanese 

Patent publication No. 11-204026 (Japanese Patent Application No. 10-7850) 
disclose that in order to remove wrinkles and slackness, the shorter sides at four 
corners of a rectangular mask are pulled in four directions perpendicular to the 
shorter sides, and then the mask is welded to a frame while the mask is tensioned. 
1 5 0007 When fixing the mutually opposite longer sides of the shadow mask to the support 
frame, a tensioned state is provided by outwardly pulling the mutually opposite longer 
sides of the shadow mask. 
However, there is an issue that the planarity of the shadow mask is will be impaired when 
the shadow mask attached to the support frame is subjected to heat treatment through a 
2 0 baking p r o c es s or t h e l i ke process^ even when the shadow mask is tensioned by sufficient 
tension forces. Specifically, it is often the case where the that a shadow mask that has 
undergone heat treatment comes to have a streak-shaped unevenness that extends in a 
direction perpendicular to the longer sides.. In spite .of th^^^ 
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forces applied to the shadow mask, it has been difficult to completely suppress the 
occurrence of the aforementioned unevenness. 

In-spi t e of t h e e f fort ef-fnereas mg th e t ^n^ie n forces appl i e d to t he shad o w 
5 H^ask; -4t"has--been -difficult -t<> e<Dmplet«ly^ s^^ 
unevenness. 

0008 The object of the present invention is a shadow mask assembly manufacturing 
method and a cathode ray tube manufacturing method te-enable which „epaLb^ 
shadow mask to be attached to a support frame in an accurate planar state without 

1 0 unevenness. 

SUMMARY OF THE INVENTION 

0009 In order to accomplish the object, the present invention is constructed as 
follows. 

1 5 According to a first aspect of the present invention, there is provided a method fer of 
manufacturing a shadow mask assembly assembl^^^^ which a shadow mask that has an 
approximately rectangular sheet-like shape and a perforation region provided with a 
number of through holes is fastened to a support frame that has an approximately 
rectangular frame-like shape in a tensioned state of the shadow i^msk; the mask.„.Xbe 

10 method co mprising :„comprises appl^^ 

each of four corners of the shadow mask outwardiv aslant with respect to a side of the 
shadow mask. A main tension force is applied to each of at least a pair of mutually 
OEposite..sides.„of.th 
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preliminary tension force is applied thereto, and the shadow mask is fastened to the sides 
to which the main tension force has been applied after applying the main tension forces to 
frame.side.s of t^ 



5 applyi-ng-a preliminary tension force of an -strength KDf 9;8- to 

of four -corners of tlie ehadow mask outwardly aslant with respect to 
mask; 

a pplying a main t ensien^eree-te-eae h o f at leasf-a-paif^f^ utually o pposite 
sides -of -the- shadow mask outwardly perpendkularty to^ the si^ 
1 0 tensioji-force is appHed thereto; and 

festemng-the-shadow-mas k to wh ieh-the-main-tension-ferce-h as b ee n 
applied a ft er-app lying th e m a4iHeflsiof^jorces-te-fmme-si4es-of4j^upport-^^ 
00010 According to a second aspect of the present invention, t4iere is provided -a -the 
shadow mask assembly manufacturing method as defined in the first aspect; which 
15 aspect„further eomprisesf..compris^^^^^ 

compression forc^^^^ 

a pair of mutually opposite frame sides that belong to the frame sides of the supp ort 
frame and correspond to the sides of the shadow mask to which the main tension force 
is.appJied,.„Xhe.s^^^^^ 

fastened. 

applying before the shadow mask is fastened compression forces- in 
dkeetions4n-^ieh-^ap^>etween-the-frame-sides4s-^ 
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opposke-frafiie-sides that-beleng to the-frame-sides 
the-sWes of the shadow-mask to which th^ 

the-shadov*Hi^ask4s4ast^ed^o4he^^ 
stat e in which th e co m pressieR-feFee-has bee n a pphed-^\¥hefem-tt 
fastened; 

00011 According to a third aspect of the present invention, there is -provided a in the 
shadow mask assembly manufacturing me tfi o d a s d c fi ned4rH4 i e fir s t o r s e cond asp e ct , 
^^^^f^jnetho^^^ 

a plane of extension in which a plane of the shadow mask is extended from an end 
portion outwardly in a tangential direction and is inclined at an angle of 15 to 45 
degrees..wkh.respe^^^ 
.njaintens 

the- directbn in which -the preliminary -tension force is appli 
preiiminary tension force is af>plied is a direction within a plane of exten 
plafte-^f^he-^hadow-4T^a«I^s-extended-^fn-af^ 

dir e cti o n and i s i n ehned-at-an-angle-ef^^e-45-degFees^itjv-respeeHo-^ to whi c h 

the-maif>-tCfisiof> force i^ applied -when the main tefisiofi -force is applied V 

00012 According to a fourth aspect of the present invention, there is provided a the 
shadow mask assembly manufacturing me thod as d efined-rn-afly^ne of th e firs t 
throu g h t h i rd asp ec ts , w herein... met ho^^^ 

applied, the preliminary tension forces are applied by clamping the four corners of the 
shadow mask within a range surrounded by both sides and extension lines of outer 
peripMrM. sj d es of t h 



fere^-are applied by elampmg the^ fo 

surrounded by both sides-and-ext^^e n lin e s of ou teF-perifi h e ral sid e s of th e p e rforation 
re gi o n . 

5 00013 According to a fifth aspect of the present invention, there- is -provided -a in the 
shadow mask assembly manufacturing method a& -defined in arvy one of the first 
thfeugh-^Wrd— aspeetsr-whereifi^., m 
appjie^ the preJi^ 

shadow mask three to eight through en ga gement holes each having a diameter of 3 mm 
10 to 8 mm and being located within a range of not less than 3 mm inside a side edge of 

the...shojnter...side.„ t^^ 
perforation reg^ 

line of a corresponding peripheral side of the perforation region, and making an 
engagement member engage the engagement holes. 
1 5 wh e n th e prehmifmry-t^nMo n forc e s a r-e-apphedT-tli 

forc es ar e a pphe d by forming at th e fo uFCOfne rS' of the^shadov/HTir 
engagement holes of a <iiameter of 3^ to 8 mm within a range of i^^^ 
inside a side end of the shorter side to an extension line of a con-ospondin^ 
o f the p er f o ration r c g ion-and^tlvin-a-range of a si de-ond-of^he-lenger-stde-to-a n e xt e nsi on 
2 0 lin e of a corres pondmg— peripheral— sid e of th e p erforation-fegion— and— making— an 
engagement -member engage with the engagement holes: 

00014 According to a sixth aspect of the present invention, there-is provided- a in the 
shadow mask assembly manufacturing method-as-defined-i n-t-he-first-OF-seeon d a s pect; 
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wherein method, ..when the main tension forces are applied, each of the main tension 
forces is applied to a portion of a range of the perforation range of the sides of the 
shadow mask. 

00015 According to a seventh aspect of the present invention, there is provided a 
cathode ray tube manufacturing method for oLmanufacturing a cathode ray tube 
provided with a flared tube body, an electron gun attached to a root portion of the tube 
body, and a front panel that has a fluorescent surface on its internal surface and is 
attached to a fore end of the tube bo dy, th e body. The j^gthod eeH^pH^iflg^. comprise^ 
manufacturing the shadow mask assembly as explained above in any one of the First 
through sixth asp ects: attaching the shadow mask assembly to the inside of the front 
Emdx.. and JLtta^^^^^ 
assembly has b 

manufaeturmg the- shadow -mask assembly by the method defi^^ 
one of the first through sixth aspects; 

att^ehiflg4he^hadowHBask-assembly-to-the4nside-of^the^^^ 

atoehiflg-te-4he-4t^be-body-4he-#OH^-pafleMo^ 
assembly has beeii attached, 

BRIEF DESCRIPTION OF THE DRAWINGS 

00016 These and other aspects and features of the present invention will become clear 
from the following description taken in conjunction with the preferred embodiments 
thereof with reference to the accompanying drawings, in which: 

Fig. 1 is a perspective view of a shadow mask and a support frame before 
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assemWmg assembly in a shadow mask assembly manufacturing method according to an 
embodiment of the present invention, whteh invention (which is before being assemWedv 
assembled); 

Fig. 2 is a perspective view of an assembled shadow mask assembly in the 
5 shadow mask assembly manufacturing method; 

Fig. 3 is a plan view showing a tensioning process of the shadow mask in 
the shadow mask assembly manufacturing method; 

Fig. 4 A is a sectional view showing a clamping portion of the s hort e d 
shortened sides of the shadow mask; 
1 0 Fig. 4B is an enlarged plan view of the clamping portion; 

Fig. 5 is a side view of the tensioning process; 

Fig. 6 is a sectional view of a cathode ray tube with the shadow mask 
assembly incorporated therein : 

Fig. 7A is a sectional view showing the clamping portion according to 
1 5 another embodiment; 

Fig. 7B is an enlarged plan view of the clamping portion; 

Fig. 8A is a sectional view showing a clamping portion of the longer side 
of the shadow mask; Fig. 8B is an enlarged plan view of the clamping portion; 

Fig. 9 is an enlarged plan view of a clamping portion of the shorter side 
2 0 of the shadow mask according to a modification; 

Fig. 10 is a flowchart of the method of manufacturing the shadow mask 

assembly; and 

Fig. 1 1 is a plan view showing a tension process of the shadow mask and 
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a distortion state of the support frame in the method of manufacturing the shadow mask 
assembly. 

DETAILED DESCRIPTION OF THE PREFERRED EM B ODI^IENTS . mVEMIQN 

00017 Before the description of the present invention proceeds, it is to be noted that 
like parts are designated by like reference numerals throughout the accompanying 
drawings, 

00018 A method for of manufacturing a shadow mask assembly according to one 
embodiment of the present mventien inyentio^^ which a shadow mask that has an 
approximately rectangular sheet-like shape and a perforation region provided with a 
number of through holes is fastened to a support frame that has an approximately 
rectangular frame-like shape in a tensioned state of the shadow mask me thod 
compri s i ng^., method... co.m 

strength of 9.8 to 490 N to each of four corners of the shadow mask outwardlv aslant 
with respect to a side of the shadow mask 20. A main tension force is applied to each 
of „M„.Jeast.„a.„pair,.^ 
p.en?eMicu!arIy. 

tensioned shadow mask to which the main tension forces have been is fastened to a 
frame side of the support frame. 

ar^>Feees5-{a)-feF-applyfHg-ai>r-di^miflaFy4ensien^^ 
to ^ 90 N to e a e h - of four cor n ers-ef^he-shadow-mask-eut-war^ly-^slan^^kj^-r^ to a 
side-of-the-shadew -mask- 20 V 

a process (b) for appl^ying a main tension^ force to each of at 4ea 
fmrtuaHy-eppeske-sides~0f44ie-sbadow"ma5k-^utwar4 



the-pFeeess-(a)i--and 

a-process {€) for faslening t+»e tensk^ned sh 
teftsie n forc es h ave-%eefi-^fiftti€d-44ifougb-44^e^ of th e s uppert 

fram e. 

00019 Hereinbelow, the manufacturing method will be described in detail based on the 
drawings after its outline wHl be is_described. 

(Shadow Mask) 

00020 The fundamental construction of the shadow mask is permitted to be similar to that 
of the normal shadow mask. The shadow mask is made of a metal material such as an 
INVER alloy Fe-Ni-alloy including Ni of 36% or iron. The shadow mask has a 
thickness of about 0.05 to 0.3 mm. 

00021 The shadow mask has an approximately rectangular external shape. A concrete 
dimensional configuration is set in accordance with the size and structure of a cathode 
ray tube to which the shadow mask is to be attached. 

00022 A perforation region provided with a number of minute holes through which an 
electron beam passes is provided in a center portion of the shadow mask. The 
arrangement configuration of the through holes is permitted to be similar to that of the 
normal shadow mask, and, for example, elongate elongated through holes can be 
arranged in a staggered form. 

00023 Around the perforation region, a peripheral region that has no through hole in order 
to interrupt the passing of an electron beam is arranged in a frame-like shape along the 
periphery of the shadow mask. With regard to the width of the peripheral region, the 
width from the periphery of the support frame to the perforation region is normally set 



within a range of 5 5 mm to 50 mm, which may be changed depending on the 
conditions of the external shape dimensions and the required performance and (and so 
^ on) .of the shadow mask. 

00024 The shadow mask has an external shape that is one size larger than the external 
shape of the support frame before being attached to the support frame. Specifically, 
grip margins for fastening the shadow mask to the support frame in a tensioned state of 
the shadow mask are provided. Therefore, the width of the aforementioned peripheral 
region is normally set within a range of ^ 30 mm to 150 mm, which is wider than the 
width of the peripheral region of the shadow mask assembly in the completed state. 

00025 The longer sides that belong to the approximately rectangular shadow mask and 
Plincipajly .receive prineipally tension forces when the shadow mask is fastened to the 
support frame are formed into linear shapes. However, each of the shorter sides can be 
provided with a curved recess portion that is gently curved in the corner portion. This 
curved recess portion is effective for reducing the uneven stress distribution in the 
plane of the shadow mask. 

(Shadow Mask Assembly) 

00026 The shadow mask is supported in a flat state or an almost flat slightly curved state 
by fixing the peripheral sides of the outer periphery to the support frame in a tensioned 
state. 

00027 The support frame is formed of shape shaped , steel or the like in an approximately 
rectangular shape. The sides of the shadow mask are fixed to the upper end of the 
support frame by welding or the like. 

00028 An upper end surface of the support frame for supporting the shadow mask has 
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an almost flat shai>e- -howeve r shapes. However , the surface can be provided with a 
slight curve. Specifically, the upper end surface that belongs to the support frame 
and is located on the longer side of the support frame can be curved so that the 
surface becomes high at the center and low on both sides along the lengthwise 
direction. The shadow mask is curved along the curve of the support frame. The 
radius of curvature of the slight curve of the support frame is, for example, about 
10,000mm, which may be changed depending on the screen size, characteristic, and 
the like. 

00029 The shadow mask may have its entire periphery fixed to the support frame, 
howeve r frame However , it is preferable to fix only the mutually opposite longer sides 
of the shadow mask to the support frame. 

(Preliminary Tensioning Process) 

00030 A preliminary tension force is applied to each of the four comers of the shadow 
mask outwardly aslant Wangled) with respect to the sides of the shadow mask. An 
angle in the slanting direction is set to 15 to 45° with respect to each side to which a 
main tension force is applied. The angle is preferably 20 to 35°. Depending on the 
angle at which the preliminary tension force is applied, the strength of the tension force 
components applied to the longer side and the shorter side of the shadow mask 
changes. In a main tensioning process, a tension force is normally applied in the 
direction of the longer side. Therefore, by applying a tension force having a certain 
component in the direction of the shorter side perpendicular to the direction of the 
longer side in a preliminary tensioning process, the occurrence of unevenness of the 
shadow mask, which cannot be canceled only through the main tensioning process, can 



be reduced. If the aforementioned angle is small (that is, less than 15°), then slackness 
tends to occur near the side perpendicular to the side to which the main tension force is 
applied. If the angle is too large (that is, over 45°), then slackness tends to occur on the 
side to which the main tension force is applied. Due to the occurrence of the above- 
mentioned slackness, the planarity of the shadow mask is impaired. 

00031 When fastening the tensioned shadow mask to the support frame by slightly 
curving the shadow mask, the direction of the preliminary tension force is set in 
accordance with the shape of the curve of the shadow mask. Specifically, the 
preliminary tension force can be applied in the above-described slanting direction in a 
plane of extension in which the surface of the shadow mask is extended in the 
tangential direction outwardly of the end portion. 

00032 The strength of the preliminary tension force is nonnally set to a str e n gt h of 9.8 
9.8 N to 490 N or preferably SO 50 N to 490 N, which may be changed depending on 
the conditions of the material, thickness, dimensional configuration, and so on of the 
shadow mask. The preliminary tension force can be set to a ratio of 3 2%to 30% with 
respect to the main tension force described later. If the preliminary tension force is 
small (that is, less than 9.8N), then the effect of the present invention is not sufficiently 
achieved. If the preliminary tension force is excessively large (that is, over 490N), 
then a distortion occurs in the shadow mask, and this be€Ofnes-a-cause-ef4fnpaififlg 
irnpairs the planarity through heat treatment in a subsequent process. 

00033 As a means or an apparatus for applying the preliminary tension force to the 
shadow mask, a means or apparatus used in manufacturing the normal shadow mask 
assembly can be used. 
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00034 Specifically, a variety of clamp mechanisms, grip mechanisms, and tension 
mechanisms are adopted. For example, it is possible to hold the shadow mask between 
a pair of clamp members that have a stepped clench structure on mutually opposite 
surfaces and apply the preliminary tension force to the shadow mask by moving the 

5 clamp members. 

00035 It is also possible to provide an engagement structure for gripping the shadow mask 
at the four corners of the shadow mask. For„exam 

fQrmM..i.n.„a thr^^ .This.. engagement^ 

engagement pin or an en ga gement hook engaged with the engagement hole. The 
10 engagement hole preferably has a smooth shape that scarcely causes a local stress 

COTcentration„when 
.an„oyal .shap.e .or.an d 

has a diameter of 3 mm to 8 mm, which may be changed depending on the strength of 
the applied tension force. With regard to the engagement hole, either only one hole or 
15 .a. plural i ty p.f.. holes. .ca^^ If a 

te.0.s.i..o.n...fo.rce .js.app.I^ 

generated at each individual engagement hole is reduced, whereby damage to the 
engagement hole and local deformation of the shadow mask is difficult. The number 
of e.ngage.rxi.entholes..t^^^ 
2 0 .of .t.h.e..s.h.adow 

For-exafiiple, an-engagernent -bote may be feriT^ed^i^ 
This engagement hole-can be used for pulhfig an engagement 
enga§ed-witMhe-engagement4ioler~Tl>e-engagement4j^ 
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that-searcely eauseS"a"loeal--stFes&-eorK2€ntration when- 
generaUy-adopted, howeveFv aiv ova^ shape-oF-an -eHi^pse s 

^gagem€fl^4^e-^^OFffl ally s e t t o a di a m e t e r of 3 to 8 m mT^ietwrny 
iepeHdifig-eFKhe-stfeBgt4v-ef4he-appHe(l-4er^si^i^^ 
engagemem hole; either <>n!y ofie- hole Gf a plurality of h 

portion of the shadow mask: If a tension^ foree is applied by mtng ■ a plu^^^ 
> l e s, th e n th e-stress^eBerate d at each i n dividual-engagefRefl^hi 
^age-e{4)^e-efigagemeBt-hole-aBd-le< 
hard to oeew: The fHtmbeF <>f engagement holes to be previa 
1 0 holes per-comer portion-oft he shadow mask: 

00036 The position in which the engagement hole is formed is permitted to be located 
positi o n where no influence is exerted on the performance of u se of the shadow mask. 
The engagement hole is at least required to be arranged outside the perforation region. 
The engagement holes are preferably located in a position where the work of attaching 
15 MtachmenL of ^ tensioned shadow mask to the support frame is not disturbed. 

Specifically, the position is preferably located at the four corners of the shadow mask 
within a range of not smaller than 3 mm inside the side end of the shorter side to an 
extension line of the corresponding peripheral side of the perforation region region, 
and within a range of the side end of the longer side to an extension line of the 
20 corresponding peripheral side of the perforation region. If the engagement hole is 

formed in a position excessively close to the side end of the shadow mask, then an 
edge portion of the engagement hole will be unfavorably broken or excessively 
deformed by stress concentration. 



00037 If the four corners of the shadow mask are directly clamped without providing the 
engagement hole, then the shadow mask can be clamped within a region surrounded by 
both sides and the extension lines of the peripheral sides of the perforation region. 

00038 The preHminary tensioning process is maintained for a specified time in a state in 
which a specified tension force is applied to the shadow mask. It is proper that the 
shadow mask is entirely elastically deformed or the stress distribution is uniform and 
stabilized. 

(Main Tensioning Process) 

00039 Subsequent to the preliminary tensioning process, a main tensioning process is 
performed. According to the main tensioning process, a main tension force is 
outwardly. appliM.-t^ 

mask jn..a..direct^ The sides to^^v^^^^^ 

forces are applied are normally the longer sides. Each of the main tension forces is 
a pplied with a uniform strength sufficient for the whole body of the shadow mask or at 
l?ASt fprlhe.perfo^ 

Accordi n g t o th e n mifHensieni flg proc es s, a m ain-tensio n - forc e i s appli e d 
te-eaeh-of at least a ^ak of rnutuaHy opposite^ s 
perpefidieularly to the -sides: The sides -t<5 which th^^ 
nermall y th e l engef-si4es: 

Eaeh-of-the-main-4ensiorv^eFees-i^ppIied-wit4^^ 
sufFicient-fof-the whole body of the shadow mask or at least- for the perforat 

00040 With regard to a device or a mechanism for applying the main tension forces, a 
technique similar to that of the aforementioned preliminary tensioning process can be 
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adopted. The engagement hole, the clamp mechanism or the Hke can be adopted. 

00041 When fastening the tensioned shadow mask in a curved state to the support frame, 
it is preferable to apply the main tension forces in the same curved state as in fastening 
the tensioned shadow mask to the support frame. Therefore, a mechanism that can 
apply the main tension forces to the shadow mask while gripping the shadow mask in 
the curved state can be adopted. 

00042 The strength of the main tension force is normally 98Q 980 N jo 9800 N, which 
may be changed depending on the material and the dimensional configuration of the 
shadow mask. 

00043 The main tension forces can be further applied to the shadow mask in the state in 
which the preliminary tension forces have been applied through the preliminary 
tensioning process. After the application of the main tension forces to the shadow 
mask, the preliminary tension forces can be removed. 

(Fastening Process) 

00044 The shadow mask to which the main tension forces are being applied is fastened to 
the frame sides of the support frame.„A fasteni ng^m^^ 

be similar to those in assembling a normal shadow mask assembly. Normally, the 
shadow mask is fixed to the support frame by perfonning welding in a state in which 
tM.shMQw mMk J.s 
frame, 

A fasting- frieam and proe^sstng -conditions are allowed -to be-sim 
those in-assembhng a normal shadow inask assemblyv NormaHy 
t o th e--suppert-#afiie^^y-j^erferffling-^etdifig4n-a-^ 



supa^sed on-theHipper-ei^of frafYie^s 

00045 After fastening the shadow mask to the support frame, the preliminary tension 
forces and the main tension forces are released and pressing forces to the support frame 
are also released. Thereafter, an unnecessary portion that belongs to the shadow mask 
and is protruding from the support frame can be cut and removed. As one example, the 
longer side portions of the shadow mask outwardly protruded from the support frame 
are cut and removed while the shorter side portions thereof themselves are used. 

00046 Further, by way of necessary post-processing of a baking process and so on 
through heat treatment, a shadow mask assembly is completed. 

(Support Frame Compressing Process) 

00047 Compression fereesH^^t forces (that^ pressing fern^es forces) for distortion can 
be preliminarily applied to the support frame to which the tensioned shadow mask is to 
be fastened. That is, compression forces are applied in a direction in which the interval 
between the frame sides is narrowed to a pair of mutually opposite frame sides 
corresponding to the sides of the shadow mask to which the main tension forces are 
applied among the frame sides of the support frame. 

00048 The shadow mask into to which the tension forces have been applied through the 
preliminary tensioning process and the main tensioning process is fastened in the 
tensien tensio.ne^ to the frame sides of the support frame into which the 
compression forces have been applied. 

00049 In the tensioned and fastened state, the shadow mask tries to contract to the 
original size, while the support frame tries to extend ex pad to the original size. Both 
the members are stabilized in a state in which they are ba^aneedH^ . balanced ^^^^^ 
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a state in which compression stresses generated in the shadow mask and tension 
stresses generated in the support frame counterbalance each othe r other) . As a result, a 
residual stress of a sufficient strength exists in the tensional direction. If the shadow 
mask assembly is subjected to heat treatment in the post-processing, then the shadow 
mask tries to expand. However, the effect of the tensional residual stress is 
consistently effectin g consistent , and this suppresses the local extension of the shadow 
mask and prevents the occurrence of undulations or unevenness. 

00050 In order to merely increase the residual stress in the tensional direction occurring in 
the shadow mask, it is acceptable to only increase the main tension forces applied in 
the main tensioning process. However, in order to apply great large main tension 
forces, the device for the purpose has an increased scale. If an excessive main tension 
force is applied to the shadow mask, then there is an issue that a permanent 
deformation would be locally generated. By preliminarily compressing the support 
frame, an appropriate residual stress can be generated in the shadow mask without 
causing such an issue. 

00051 The strength of each of the compression forces to be applied to the support frame 
can be normally set within a range of 400 100 N to 15000 N, which may be changed 
depending on the strength magnitude of each of the main tension forces applied to the 
shadow mask. 

(Cathode Ray Tube) 

00052 The cathode ray tube to be assembled with the shadow mask assembly of the 
present embodiment has a structure similar to that of the normal cathode ray tube. 

00053 The structure of the general cathode ray tube includes a flared tube body made of 



glass or the like, an electron gun that is attached to the root portion of the tube body 
and irradiates an electron beam, and a front panel that is attached to the fore end of the 
tube body and internally has a fluorescent surface for emitting light upon receiving an 
electron beam applied thereto. The front panel is also made of a transparent material 
such as glass. Around the root portion of the tube body of the cathode ray tube is 
provided a deflection yoke for scanning the electron beam by a magnetic field to be 
generated. 

00054 The shadow mask assembly constructed of the shadow mask and the support frame 
is attached to the inside of the front panel. The shadow mask assembly is fixed to the 
periphery of the support frame inside the front panel via plate-segment-like clamps, 
shafts, bolts, and so on. By tMs .connecj^j 

.t.he..shadow m jhe 
cathode rav tub e is internallv conditioned to a vacuum or a specified gaseous 
environment. 

By^4i«5-eom^tin^6-4he^i^be4>e4y44>e-fFent-panel^ 
fflask-ass€fflbly4s~attaehedr-6r^hedeH^^ ray tu b e i ^ 

int^fvally conditioned to-a vacuum or a-speeified gaseou5 environment: 

00055 The cathode ray tube is used by being assembled into an image display device such 
as a television receiver. The image display device is provided with a control circuit for 
controlling the operations of the electron gun of the cathode ray tube, the deflection 
yoke mounted on the periphery of the cathode ray tube, and so on. As the need arises, 
an operation panel for image control-use is provided. The television receiver can be 
provided with an input section of an image signal or an audio signal, a tuner section for 
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selecting a signal, a loudspeaker for generating sound, and so on. 

00056 Hereinbelow, the method of manufacturing the shadow mask assembly will be 
described in detail based on Figs. 1-10. 

(Overall Structure of Shadow Mask) 

00057 Fig. 1 shows a shadow mask before being attached to a support frame in the 
method of manufacturing the shadow mask assembly according to the embodiment of 
the present invention, while Fig. 2 shows the shadow mask assembly after before 
attached. 

00058 As shown in Fig. 1, the shadow mask 20 is made of an INVER alloy and formed 
totalty-in so as to have a rectangular flat sheet like sheet-like shape. The shadow mask 
20 has a thickness of 0.1 mm. A rectangular perforation region 22 is arranged in a 
center portion of the shadow mask 20. The perforation region 22 is provided with 
through holes 23-0f 23. which are minute elongate elon gated holes that penetrate from 
the front surface to the rear surfac e of shadow mask 20 . 

00059 The shadow mask 20 has a frame-shaped peripheral region 24 arranged outside the 
perforation region 22. The peripheral region 24 is provided with no through hole 
holes . 

00060 With regard to the peripheral sides of the shadow mask 20, tenger longitudinal 
sides 25 and 25 are linear, while the shorter sides 26 and 26 are linear at ends 26a and 
26a near both sides and smoothly curved and recessed in the center portion forming a 
curved recess portion 27. 

00061 The support frame 10 is made of a shape shaped steeL and a pair of longer side 
.Ipngitudinal.support frames mgmbers 12 and a pair of shorter side support frames 
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members 14 are assembled in a parallel cross pattern. On the upper surface of each 
end of the pair of shorter side support frame members 14 are arranged only the 
mutually opposite long e r side Jpn^i.tudin^^^^^ frames membersJ2. The upper end 

surfaces of the longer side support frames 12 are slightly curved along the lengthwise 
direction with a raised center portion and lowered end portions. 

00062 The shadow mask 20 has its longer (longitudinal) sides fixed by welding to the 
upper ends of the lo ng e r sid e longitudinal s frames .members . 12 in a st ate4fl 
whieh .so that.the mutually opposite longer sides 25 are tensioned by being ou twardly 
strongly pulled in an outward direction . 

(Shadow Mask Assembly Manufacturing Work) 

00063 The shadow mask 20 is manufactured to have a structure of with the 
aforementioned shape .shap.e,.and thereafter is. subjected to a process for reducing the 
residual stress by forging and a melanization process with heating. 

00064 The support frame 10 is assembled in a frame shape by manufacturing the longer 
side jpngitudmaj support fran^ members J 2 and the shorter side support frames 
members J4 by press working and a-euttifi^reeess cutting, and thereafter bonding 
them together by welding or the like. 

00065 The method of manufacturing the shadow mask assembly and the method of 
manufacturing the cathode ray tube, according to the .an...embodiment will be 
described based on Fig. 10. 

00066 First, as shown in Fig. 10, the support frame is placed positioned at step SI, and 
then the shadow mask 20 is place placed thereon at step S2. Then, at step S3, the 
preliminary tension forces P2 are applied to the shadow mask 20. Then, at step S4, the 



main tension forces P+ grater P k which are greater than the preUminary tension forces 
Pa-P2^are applied to the shadow mask 20. Then, at step S5, pressing forces are applied 
to the support frame to distort the support frame. Then, at step S6, the distorted 
support frame and the tensioned shadow mask are fastened by welding or similar 
means. Then, at step S7, the preliminary tension forces P2 and the main tension forces 
Pi are released. Then, at step S8, the pressing forces to the support frame are released. 
Thus, the shadow mask assembly can be manufactured. As step S5, the process of 
applying the pressing forces to the support frame to distort it, in short, may be 
performed before the fastening process such as welding or the like at step S6;-"that S6 
fthat is, before step S2, S3, or S4 841 Hereinbelow, these steps S1-S8 will be 
described in detail. 
(Preparing Process) 

00067 Firstly, after placing positioning the support frame 10 at step SI, the shadow mask 
20 is placed on the support frame 10 at step S2. 

00068 Next, at steps S3 and S4, a specified tension state is applied to the shadow mask 
20. Then, in a state wher^ io... which, the support frame members J 2 is are. distorted as 
shown by the one-dotted-chain line of Fig. 1 1 by pressing forces at step S5, at step S6, 
the shadow mask 20 is welded to the upper ends of the longer sides of the distorted 
support frames m.embers 12. 

00069 Here, a state where in. whi.ch.the support Sretme .member.s.l2 is distorted as .shown 
by the one-dotted-chain line of Fig. 1 1 by the pressing forces Po means the followingS: 
That4sv at following. At step S5, the pressing fopces;"On the forces (in other words, 
the compression feFees..fgrces} Po are prehmlnary p.ri.marijy^ applied to the support 



frame 10 to which the tensioned shadow mask 20 is fastened; -and -thus fastened. 
Thus , as shown by the one-dotted-chain line in Fig. 11, the pair of the longer 
Ipn^hudinaLs of the support frame 10 is are .inwardly curved and distorted to 
each other. That is, the compression forces Po are applied in a direction in which the 
interval between the frame sides is narrowed to the pair of mutually opposite frame 
sides corresponding to the sides of the shadow mask to which the main tension forces 
Pi are applied among the frame sides of the support frame as shown by the one- 
dotted-chain line in Fig. 1 1. 
00070 The shadow mask 20 into tg_ which the tension forces P2 and Pi have been applied 
through the preliminary tensioning process and the main tensioning process is fastened 
in the tensien tensigned, state to the frame sides members the support frame 10 iflte 
to. which the compression forces Po have been applied. In the state where m which the 
tensioned shadow mask 20 is fastened to the support frame 10, the shadow mask 20 
tries to contract to the its_original size, while the support frame 10 tries to extend to -the 
.expand.lojts original size. Both the members are stabilized in a state in which they are 
batattce d, i.e., balanced a state in which compression stresses generated in the 

shadow mask 20 and tension stresses generated in the support frame 10 counterbalance 
each other other) . As a result, a residual stress of having a sufficient strength 
magnitude .exists in the tensional direction at the shadow mask 20. If the shadow mask 
assembly is subjected to heat treatment in the post-processing, then the shadow mask 
20 tries to expand. However, the effects of the tensional residual stress is-eonsistently 
effecting - are consistent, and this suppresses the local extension of the shadow mask 20 
and prevents the occurrence of undulations or unevenness. 



00071 In order to merely increase the residual stress in the tensional direction occurring in 
the shadow mask 20, it is acceptable to only increase the main tension forces Pi 
applied in the main tensioning process. However, in order to apply great lar^e main 
tension forces Pi, the device for the purpose has an increased scale. If an excessive 
main tension force Pi is applied to the shadow mask 20, then there is an i^sue a 
problem in that a permanent deformation would be locally generated. By preliminarily 
compressing the support frame 10, an appropriate residual stress can be generated in 
the shadow mask 20 without causing such an issue. The strength of each of the 
compression forces to be applied to the support frame 10 can be normally set within a 
range of lOO 100 N to 15000 N, which may be changed depending on the strength of 
each of the main tension forces Pi applied to the shadow mask 20. 

00072 As shown in Fig. 3, at steps S3 and S4, each of the tension forces applied to the 
shadow mask 20 are comprised of a main tension force Pi for outwar<Jly pulling the 
mutually opposite longer Qongitudinal) sides 25 of the shadow mask 20 in order to 
apply a proper tensien-stat^ .tensj.on^.and a preliminary tension force P2 for pulling the 
four corners of the shadow mask 20 in the slaRt^ng diagonal (incl[^^^^ 

relative to the sides of the shadow mask 20 . 
(Preliminary Tensioning Process) 

00073 At step S3, the preliminary tension force P2 is applied to each of the four corners of 
the shadow mask 20 by *neai>s-ef four preliminary tensioning tools 30 before applying 
the main tension force Pi. 

00074 The preliminary tension force P2 is angled at an angle 9i with respect to the 
direction of the longer sides 25 of the shadow mask 30 2p,..and is applied outwardly in 
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the slanting direction. The angle Qi is set to be 15-45^ preferably 20-3 5^ with respect 
to the sides to which the main tension forces are applied. 

00075 As shown in detail in Fig. 4A, the tensioning tool 30 is constructed of a vertically 
arranged pair of pinch blocks 32 and 34. The pinch blocks 32 and 34 have stepped 
portions that are shaped counter to each other so as to clench each other. Part of the 
shadow mask 20 is pinched between the pinch blocks 32 and 34 and vertically pressed. 
By pulling the whole body of the tensioning tool 30 outwardly of \yith respecU^ 
shadow mask 20 in this state, a strong tension force can be applied to the shadow mask 
20 in a state in which the shadow mask 20 is securely held. 

00076 The tensioning tool 30 pulls the shadow mask 20 by a portion that exerts no 
influence on the final performance of use. Specifically, as shown in Fig. 4B, a grip 
region C which the tensioning tool 30 can contact is set outside the perforation region 
22 of the shadow mask 20. The grip region C is a rectangular region surrounded by the 
side-end of the shorter side 26 and the si<}e end of t he longer side 25 of the shadow 
mask 20 and the extension lines of both the longer side and the shorter side of the 
peripheral sides of the perforation region 22. 

00077 The tensioning tool 30 preferably has a length capable of clamping the whole-of 
the entire end 26a of the shorter side 26 of the shadow mask 20 as shown in Fig. 9 to 
scarcely cause wrinkles near the shorter side 26 of the shadow mask 20. 

00078 As shown in Fig. 3, in order to perform the preliminary tensioning process by the 
four tensioning tools 30 in a state in which the shadow mask 20 is arranged on the 
support frame 10, each tensioning tool 30 is required to be arranged outside the support 
frame 10. In this case, each tensioning tool 30 is arranged with-a-dis^laeement so as to 
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be displaced toward the outside of the aforementioned grip region C. 

00079 The preliminary tension force P2 applied to the four corners is required to pull the 
shadow mask 20 in a tangential direction in a direction of extension of the plane of the 
shadow mask 20. If the directions of the preliminary tension forces P2 deviate, then the 

5 planarity of the shadow mask 20 is lost. 

00080 As shown in Fig. 5, if the shadow mask 20 is arranged along the longer side 
longitydinaL support (mme member . 12 of which the upper end is curved, then each 
preliminary tension force P2 is applied slightly downward with respect to the horizontal 
direction. That is, the direction of each preliminary tension force P2 is arranged within 

10 an extension plane of outward extension of the plane of the shadow mask 20 arranged 

along the longer side support frame 12. Each preliminary tension force P2 has an angle 
02 with respect to the horizontal direction. 

00081 By Due to the four preliminary tension forces P2, the shadow mask 20 is arranged 
in -a- state in which -the shadow mask is tensioned along the slightly curved surface 

1 5 shape of the upper plane-shape surface of the support frame 10, i. e ., o wned 1 0.XLe,.,. the 

shape.fbrmed. b^ the longe r s id e Longitudi.naLsupport fr-ame-43jTi.embe^^^ A forc e 
applied -from-each Each preliminary tension force P2 applied to the shadow mask 20 
includes both the a_longer side component and the a^shorter side component, -afi<i 
therefore comppnen^^ the shadow mask 20 is arranged i n a correct pknar 

2 0 shape-in a tensioned state well balanced in all the planar directions. 

<Main Tensioning Process> 

00082 As shown in Fig. 3, the shadow mask 20 in a state in which each preliminary 
tension force P2 is applied is strongly pulled outward in a direction perpendicular to 
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each longer side 25 by means^f main tensioning tools 40 and 40 that grasp (clamp) the 
mutually opposite longer sides 25 by along almost the full length, at least a range of the 
longer side 25 corresponds to the jengtLoLthe perforation r^nge region 22, applying 
the main tension forces Pi (at step S4). 
5 00083 The structure of the main tensioning tools 40 and 40 is approximately similar to 
that of the preliminary tensioning tool 30 used in the aforementioned preliminary 
tensioning process as shown in Figs. 8A and 8B. If the upper ends surface of the 
lon g er s id e longitudinal support fram es members 12 of the support frame 10 are curved 
and the shadow mask 20 is arranged in a curved state, then the tensioning tools 40 can 

10 preferably grip and pull the shadow mask 20 in the curved state. Therefore, the shapes 

of the tensioning tools 40 can be curved alofig to coijespond curved shape of the 
long e r s ide Ipngitudmal. support frames iinember^ as shown in Fig. 8B. It is 
necessary for the tensioning tool 40 for the main tension force Pi through to have a 
width not less than the smallest width of the mask width of the shadow mask 20. 

15 00084 In the stage in which the main tension forces P] are effected applied. by gripping 
the shadow mask 20 by the tensioning tools 40, the aforementioned preliminary 
tension forces P2 are not required to be applied. The Thus, the tensioning tools 30 may 
be removed. 

00085 With respect to the preliminary tension forces P2 and the main tension forces Pi, 
20 after the preliminary tension forces P2 are applied, the main tension forces Pi are 

applied. The reason is that in order to apply the main tension forces Pi, it is necessary 
to increase the clamping portions for applying the main tension forces Pi, as compared 
with those the clamping .po^^^^ applying the preliminary tension forces P2. In a 
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case where the shadow mask 20 is not tensioned by the preliminary tension forces P2, 
the clamping for the main tension forces Pi might be performed while a cause of 
wrinkles is incorpor a t ed, a nd tl ws„p.resem,...Thus, the occurrence of wrinkles or 
streak-shaped unevenness can not be completely removed at from the shadow mask. 
5 As"€ompaFed"with--this;- fif-stW In contrast , the preliminary tension forces P2 are first 

applied to the shadow mask to form a state wher^ in which the shadow mask 20 has no 
wrmkle, and"thtis,"""i"n Y^i.nkljss In such a state, the clamping is performed for the main 
tension forces Pi. As a result, the clamping for the main tension forces Pi can be 
performed without a cause of wrinkles being present inside the shadow mask- and 
10 thu s mask. Thus , the occurrence of wrinkles or streak-shaped unevenness can be 

effectively removed at the shadow mask. 

00086 The shadow mask 20 is supported in the tensioned state while being curved along 
the upper efid -si>ape surface of the longer-side longitudinal support frames members 12 
of the support frame 10. In this state, the shadow mask 20 is fixed by welding to the 

1 5 lengeF-side longitudinal . support frames members . 1 2 (step S6). 

00087 If the shadow mask 20 is fixed to the support frame 10, then the main tension 
forces Pi effect^ a pplied by the tensioning tools 40 may be removed. That is, after the 
tensioned shadow mask 20 is attached to the support frame 10, the actions effects of 
the preliminary tension forces P2 and the main tension forces Pi are released at step S7, 

2 0 and the pressing forces to the support frame 10 are released at step S8. 

00088 The shadow mask assembly obtained by fastening the shadow mask 20 to the 
tensioned support frame 10 is subsequently subjected to necessary post-processing of a 
baking process with heat treatment, a process for cutting and removing a portion that 



belongs to the shadow mask 20 and is located outside the support frame 10, and so on, 
completing the shadow mask assembly. 

00089 The shadow mask 20 that has been brought in the satisfactory tensioned state 
through the preliminary tensioning process and the main tensioning process and 
fastened to the support frame 10 is prevented from having a degraded planarity surface 
smoothness due to the occurrence of undulations or wrinkles even when subjected to 
heating or the like of during the post-processing. 

(Manufacturing of Cathode Ray Tube) 

00090 Fig. 6 shows a cathode ray tube employing the shadow mask assembly of the 
aforementioned embodiment. 

00091 A cathode ray tube 50 is constructed of a flared tube body 52 and a transparent 
front panel 54 that closes the opening portion located at the fore end of the tube body 
52. The front surface of the front panel 54 is almost flattened, meaning that this 
cathode ray tube 50 is a flat-type television tube. The tube body 52 has at its root 
portion a control section 56 provided with an electron gun for irradiating an electron 
beam. 

00092 A fluorescent layer that emits light upon receiving an electron beam is formed (not 
shown) on the internal surface of the front panel 54, and the shadow mask assembly 
constructed of the shadow mask 20 attached to the support frame 10 is arranged on the 
back of the fluorescent layer. The electron beam irradiated from the control section 56 
passes through the through holes 23 of the shadow mask 20 and collides against the 
fluorescent layer of the front panel 54 to emit light, thereby displaying an image. The 
shadow mask assembly is fixed to the inner peripheral surface of the front panel 54 by 
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the outer periphery of the support frame 10 via a metal attachment member 58. 
00093 The cathode ray tub*^ 50 is mounted with a deflection yoke arranged around the 
peripheral surface of the root portion th ereo f .thereo£...and en^le y e d whil e b e ing js 
assembled into an image display device such as a television receiver. The television 
5 receiver is also assembled v/ith a control circuit section for controlling the operation of 

the cathode ray tube 50, a receiving section and a tuning section for receiving a 
television signal, a loudspeaker, and so on b e s ides pn^ jn .additio^^ cathode ray 

tube 50. 

(Tensioning by Engagement Holes) 
10 00094 In the embodiment shown in Figs. 7A and 7B, the shadow mask 20 is provided 
with engagement holes, d^ss^rm^a^Mo which .is . differe^^^^ structure of the 

shadpw.ma^^^^ tool 30 of the aforementioned first embodiment. 

00095 As shown in Fig. 7B, a plurality of engagement through holes 29 are- penetrated 
penetrate the shadow mask 20, and are formed side by side parallel to the shorter sides 

15 at the four corner portions of the shadow mask 20. 

00096 In the tensioning tool 30 shown in Fig. 7 A, an engagement pin 33 is prot fuding4n 
protrudes at a position and iiLa shape corresponding to each engagement hole 29 from 
one grip segment 32. The other grip segment 34 is provided with a reception hole 35 
into which the engagement pin 33 is to be inserted. JBy. msMins the 

20 .33 .of the ten^^^ 

tension force can be applied to the shadow mask 20 by the tensioning tool 30. No slip 
occurs between the tensioning tool 30 and the shadow mask 20 and, therefore, a strong 



.tension fo^^^^ 
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By- if>serting"4he -engagemem- pms- -JJ^-o 
ei^agemem- holes "29 af the 5ha<iow^ ffl 

mas k 20 by th e tcn siemft g to o l 30. N e-slf p occurs b etween-the-teBsieRfflg-t ool 3 0 an d^e 
sh ad o w ma s k 20 , and th e r e for e , a t ervsioivforee-ean-be-fetiab^y-apptied w i th a strong forc e . 

00097 In this case, a grip region C provided for the shadow mask 20 is set outside the 
extension lines of the outer peripheral sides of the perforation region 22, ranging to the 
peripheral sides to the longer side end and from the side end of the shorter side and to a 
distance A inside the shorter side end edge of the shadow mask 20. The distance A can 
be set to, for example, 3 mm. 

00098 The shadow mask assembly manufacturing method of the present invention can 
prevent the occurrence of wrinkles and streak-shaped unevenness even when the 
shadow mask assembly is subjected to processing accompanied by expansion due to 
heating after being fastened to the support frame by preparatorily applying a 
preliminary tension force in the slanting (angled) direction to each of the four comers 
of the shadow ma^k so a s-te-gi^ve mAsk,„Thus, some tension is .also applied ..in the 
direction perpendicular to the direction in which the main tension force is applied when 
performing the work of fastening the shadow mask to the support frame frame, with 
the main tension forces applied to the pair of mutually opposite sides of the shadow 
mask to become achieye.the tension state. 

00099 As a result, the cathode ray tube assembled with the shadow mask assembly is able 
to provide an improved image display quality and produce an excellent performance as 
an image display device. 

000100 The strength of the preMminary tension force P2 may be set to be 9r8 9,8„N to 



490 N, preferably 5Q-49QN 50 N-490 N . and can be set to a ratio of 2 2% to 30% 
with respect to the main tension force. If the prehminary tension force is small (that 
is, less than 9.8N), then the effect of the present invention is not sufficiently 
achieved. If the preliminary tension force is excessively large (that is, over 490N), 
then a distortion occurs in the shadow mask, and this becomes a-eause- of -impairing 
impairs the planarity through heat treatment in a subsequent process. Therefore, 
when the strength of the preliminary tension force is 9t8 M NJo 490 N, the effect 
of the present invention can be sufficiently achieved and no distortion occurs in the 
shadow mask, and this the preliminary tension force can be prevented from 
impairing the filanarity flatness through heat treatment in a subsequent process. 
000101 As one example, when the preliminary tension force is applied to each of the 
four corners of the shadow mask outwardly aslant with respect to the sides of the 
shadow mask, the angle in the slanting direction is set to 15 to 45° with respect to 
each side to which the main tension force is applied. The angle is preferably 20 to 
35°. Depending on the angle at which the preliminary tension force is applied, the 
strength magnitude of the tension force components applied to the longer side and 
the shorter side of the shadow mask changes. In the main tensioning process, the 
tension force is normally applied in the direction of the longer side. Therefore, by 
applying the tension force having a certain component in the direction of the shorter 
side perpendicular to the direction of the longer side in the preliminary tensioning 
process, the occurrence of unevenness of the shadow mask, which cannot be canceled 
only through the main tensioning process, can be reduced. If the aforementioned angle 
is small and less than \5\ then slackness tends to occur near the side perpendicular to 



the side to which the main tension force is appHed. If the angle is too large and over 
45^ then slackness tends to occur on the side to which the main tension force is. 
applied. Due to the occurrence of the above-mentioned slackness, the planarity of the 
shadow mask is impaired. Therefore, if the angle in the slanting direction is set to 15 
to 45° with respect to each side to which the main tension force is applied, any 
slackness does not occur near the side perpendicular to the side to which the main 
tension force is applied, and the occurrence of unevenness of the shadow mask, which 
cannot be canceled only through the main tensioning process, can be reduced, and the 
planarity of the shadow mask is not impaired. 
000102 Although the present invention has been fully described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to 
be noted that various changes and modifications are apparent to those skilled in the 
art. Such changes and modifications are to be understood as included within the 
scope of the present invention as defined by the appended claims unless they depart 
therefrom. 
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ABSTRACT OF THE DISCLOSURE 
A -shadow-mask <san be attached to a support^^fr^ 
sta t e withou H3fieverfflessr-4Vevided4s-^A method fop of manufacturing a shadow mask 
a s s e mbly assembly, in which a shadow mask is fastened to a support frame in a tensioned 
5 state, the method incliHiing includes applying a preliminary tension force of--an -strengtli 
with a magnitude of ».8 9.8 N to 490 N to the four corners of the shadow mask outwardly 
aslant with respect to sides of the shadow m ask , ap plyfng-a mask, „A main tension force is 
then .appHed .to each of at least a pair of mutually opposite sides of the shadow mask 
outwardly perpendicularly to the sides; and thereaftw- fastening sides. Thereafter, the 
10 shadow mask to which the main tension forces has have been applied when^-the fnain 
tensien^orees-^re-applied-is.fasten^^ the frame side of the support frame. 



